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200 cultures of microscopic fungi have been isolated from the different types of soils
(yellow brown forest, raw carbonate, yellow, red, bog, alluvial, yellow podzolic, mountain
meadow and brown forest) of Western Georgia. Mainly, representatives of the following
classes Zygomycetes, Ascomycetes and Deuteromycetes are spread in the above-mentioned
types of soils. Microscopic fungi from the class of Ascomycetes prevailed in the five types
of soils: yellow brown forest, raw carbonate, red, alluvial and yellow-podzolic; and as well
in mountain meadow soils. Cultures from the class of Deuteromycetes are spread in two
types of soils: yellow and brown forest. As concerns microscopic fungi cultures isolated
from the bog soils, no expressed dominant genus was found, only the microscopic fungi
from the class of Zygomycetes prevailed in general.
© 2016 Agricultural University of Georgia. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).Introduction
Soil forming processes occurring in the environment are
greatly dependent on the activities of microorganisms (bac-
teria, actinomycetes, microscopic fungi). A great number of
representatives of these microorganisms, including micro-
scopic fungi are residing in any type of soil.
Fungi growing in a soil are the comparatively less studied
community among the biocenosis components [1,2]. It is
known that many microbial fungi species play an important
role in the metabolic processes occurring in the environment.
They are instrumental in decaying of plant and animal resi-
dues through the synthesis of the various organic matters.
Accordingly, this is amatter of a great importance to study the
fungi distribution in the various types of soils and evaluate
their attitude towards the certain soils..ge (L.Y. Kutateladze).
Annals of Agrarian Scien
eorgia. Production and h
org/licenses/by-nc-nd/4.0Besides, on the current stage of development of modern
biotechnology a great importance is attached to the mycellial
fungi in relation of the industrial implementation of the
modern biotechnological processes [3].Objectives and methods
The soil samples of different types (yellow brown, raw car-
bonate, yellow, red, bog, alluvial, yellow podzolic, mountain
meadow and brown forest) collected in Western Georgia was
the object of this study, to investigate the microscopic fungi
cultures isolated from them. For the isolation of microscopic
fungi cultures from the mentioned type of soil the averaged
3e3 samples were collected at the initial stage of study [4], at
the next stages, the primary inoculums isolation, the purece.
osting by Elsevier B.V. This is an open access article under the CC
/).
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fication were performed.
Prior to sowing of microorganisms, soil samples were
preliminarily treated in order to obtain a suspension with
freely floating cells. It was achieved through soil aggregate
dispersion, microorganism cell desorption and division of
microcolonies into separate cell composites [5].
Inoculation of the treated samples was carried out by
Waksman soil dilution method [6] applying the following di-
lutions: 1/10; 1/100; 1/1000; 1/1000 and through the method of
direct inoculation [7].
Czapek's Medium and its modifications are commonly
used for the isolation and cultivation of fungi. The modifica-
tion of medium ingredients composition is possible over a
wide range according to the physiological features of culti-
vated fungi. For example, glucose is used instead of saccha-
rose as a source of carbon for the cultivation of mucoraceous
fungi; ammonium nitrate is used as a source of nitrogen
instead of sodium nitrate; sulfur, citric, lactic and phosphoric
acids are used for acidification of medium, and NaOH e for its
alkalization.
Three different types of nutrient medium were selected:
1. Universal medium of the following composition per 1 L:
0,5 L beer worth 70 B, 0,5 L runningwater, agare 20,0 g (pH-
5,5e6,0).
2. Czapek's acidifiedmedium (to suppress growth of bacteria)
of the following composition in %: glucose e 2,0; NaNO3 e
0,91; KH2PO4 e 0,1; MgSO4  7H2O e 0,05; KCl e 0,05;
FeSO4  H2O e 0,002, agar e 2,0 (pH 3,5-4,2).
3. Czapek-Dox medium, of the following composition in %:
sucrose-3,0; NaNO3-0,2; K2HPO4-0,1; MgSO4$7H2O-0,05;
KCL-0,05; FeSO4. H2O-0,001, agar-2,0 (pH 4,5-5,0).
CaCl2-0,01; MgSO4$7H2O-0,03; NaCL-0,01; FeCl2 -0,001,
NaNO3 e 0,25; agar-2,0 (pH 5,5-6,0).
Sterilization regime: at 0,5 atm for 30 min.
Microscopic fungi isolated from soil were grown in ther-
mostat at 30 C. Sown on Petri dishes, soil samples were
examined on 3rd, 5th, 7th and 10th days. Optimal dilutions
were 102 and 103. Fungal content and the isolated colony
producing unit (CPU) was estimated per 1 g of dry soil ac-
cording to the following formula - A ¼ abv/g [8].
Isolation of purified cultures was performed by bend loop,
whichwas helpful for careful administration of a small part of
mycelium into the medium. In case of intensive sporulation,
the minimal amount of spores was placed in a medium. Iso-
lated purified cultures were transferred into a test-tube con-
taining agar medium.
Cultivation temperature remained the same as at the
moment of strains isolation.
The identification was performed based on cultural-
morphological properties via determination of physiological
and biochemical properties.
Initially, determination of major taxonomic units (class,
line) was performed according to Arxon [9] and Kreisel [10]
classification, taking into consideration peculiarities in
composition and those of reproductive organs. Identified
microscopic fungi mainly confer to the classes of Zygomycetes,
Ascomycetes, Deuteromycetes.For cultural morphologic characterization of cultures,
slightly magnified examination of the cultures placed on a
Petri dish was performed and after this procedure, the prep-
arations were made.
In the first case, the character of spore fusion with the
aerial or substrate mycelium (type), branching of sporangia
bearing or conidia bearing, merging potential of spores and
conidia (single, group), etc were determined; in short, all
properties that can't be determined via preparation.
In order to prepare a microscopic preparation, a part of a
fungi collection was excised with a sterile loop tip free from
the medium agar, and then placed in a drop of water where
the mycelia were dissolved. Since some parts of fungi, mainly
spores and conidia do not moisten in water, either ethyl
alcohol 1:1 or concentrated acetic acid was added into the
water.
Analogously was made the preparation-reflection: from
agar medium a colony of 10 mm in diameter was excised and
placed on a slide with a colony upwards, than it was carefully
pressed by a sterile cover glass, afterward the cover glass was
removed and placed on the slide with a drop of either water or
methylene blue. The preparation was studied using dry opti-
cal system [11].
Description of microscopic fungi cultural-morphological
properties was performed in accordance with a scheme
including some variations expressing systematic location of
samples under question (taxonomic group).
For microscopic fungi identification were used the man-
uals by N.M. Pidoplichko, A.A. Milko [12]; B.N. Bylai, E.S. Koval
[13]; M.A. Litvinov [14]; D. Malloch [15]; Frank M. Dugan [16].
As a result of conducted works a total of 200 cultures of
microscopic fungi were isolated.Results and discussion
As the quantitative analysis of the microscopic fungi cultures
isolated from the different types of soils (yellow brown forest,
raw carbonate, yellow, red, bog, alluvial, yellow podzolic,
mountain meadow and brown forest) of Western Georgia has
shown that the moderately and fast growing saprophytes
and facultative parasites represent the more studied part of
soil micobiota. Ascomycetes, Deuteromycetes and Zygomycetes
belong to such type of taxonomy groups.
It should be noted that soil micromycetes (soil-inhabiting
fungi with reproductive structure nomore than 1mm) include
a wide range of species profound study of which is impossible.
Soil micromycetes is referred to fungi, isolation of which
exactly in the form of pure cultures is possible. Many micro-
scopic fungi are associated with plants and cannot exist
independently without simbionts. Therefore, slow growing
fungi can be lost (remain unnoticed) after inoculation into the
nutrient medium. The primary inoculums and pure cultures
isolated from these samples are shown in Fig. 1.
Generally, a whole number of features determine the wide
distribution of fungi, among which the mycelial structure,
enabling deep invasion of hyphae into the soil and other
substrates, has a primary importance. This structure provides
the high quality contact with the environment, fast-growing
ability and reproduction, high metabolic activity in a wide
Fig. 1 e The primary inoculums of micoflora isolated from the samples.
Fig. 2 e Penicillium, Mucor.
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ical variability (ecological plasticity); high flexibility to the
changes of habitat conditions and quick adaptability to the
new substrates. As well as, quick responsiveness to unfavor-
able environmental conditions by forming the resting
structure.
Fungi maintain viability under these conditions (stage)
during the long time and return to the active viability in
favorable conditions. Physical properties and chemical
composition of soils are also the major factors affecting a
habitation of fungi.
Especially important factors are the following: acidity of a
soil (pH), temperature, humidity and aeration (oxygen avail-
ability). Fungi are more abundant in the acidic soils, but at the
same time e poor in relation of species composition; and vice
versa in soils with the neutral pH. The composition of species
in fungal community is different in soils with the different
soil-climate zones and the same pH acidity. As well as, the
attitude of different species of one group towards pH is
differing.
All these peculiarities have been considered during the
isolation process of microscopic fungi.
A total of 42 cultures of microscopic fungi were isolated
from the first sample e yellow-brown forest soil. The mico-
flora is considerably numerous and at the same time is
diverse. The dominant genus of the first lineage isePenicillium.
The dominant genus of the second lineage is e Mucor (Fig. 2).
It should be noted that the fungi from the genus Aspergillus
was not isolated from this type of soil, this is an exception,
because the fungi from this genus are known for their wide
cosmopolitan distribution in almost all the types of soils.
A total of 29 cultures of microscopic fungi were isolated
from the second sample e raw-calcareous soil. The dominant
genus of the first lineage is Aspergillus. The dominant genera
of the second lineage are Fusarium and Trichoderma (Fig. 3).A total of 18 cultures of microscopic fungi were isolated
from the third sample e yellow-soil. The micoflora of this soil
is scanty and not diverse at the same time. The dominant
genus of the first lineage is e Trichoderma. This type of soil is
characterized by the presence of microscopic fungi of genus
Thamnidium.
A total of 15 cultures of microscopic fungi were isolated
from the fourth sample e red soil. The soil micoflora is
considerably diverse, but at the same time not numerous. The
dominant genera of the first lineage are Penicillium andMucor.
The following genera of microscopic fungi: Verticillium, Spi-
caria, Actinomucor were isolated only from this soil, not from
the other types of soils (Fig. 4).
The results are shown in Fig. 5.
A total of 20 culture of microscopic fungi were isolated
from the fifth sample e bog soil. It can be said that the pro-
nounced dominant genus is not present here. However, as a
whole, prevalence of genus ofmicroscopic fungi Zygomycetes is
evident. Only from this soil were isolated such genus of
microscopic fungi as Cladosporium, Stachybotrys, not isolated
from the previous types of soils (Fig. 6).
A total of 14 cultures of microscopic fungi were isolated
from the sixth sample e alluvial soil. Pronounced dominant
genus is not present here as well and the micoflora is not
diverse enough.
Fig. 3 e Aspergillus, Trichoderma, Fusarium.
Fig. 4 e Verticillium, Spicaria, Actinomucor.
Fig. 5 e Microscopic fungi spread in different types of soils (yellow brown forest, raw-carbonate, yellow, red) of Western
Georgia.
Fig. 6 e Cladosporium, Stachybotrys.
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from the seventh sample e subtropical podzolic soil. The
micoflora is considerably diverse here.
A total of 13 cultures of microscopic fungi were isolated
from the eighth sample e mountain-meadow soil. The
dominant genus is e Penicillium.
The poorest soil micoflorawas found in the ninth samplee
brown forest soil. A total of 9 cultures of microscopic fungi
were isolated and dominant genus among themwas Fusarium.
The genus Acremonium was isolated only from the brown
forest soil, not from other types of soils (Fig. 7).
Fig. 8 e Microscopic fungi spread in different types of soils (bog, alluvial, yellow podzolic, mountain meadow and brown
forest) of Western Georgia.
Fig. 7 e Acremonium.
Table 1 e The soils with the abundance in microscopic fungi belonging to the class of Ascomycetes.
Regions of Western Georgia So soils The three major classes of microscopic fungi
Ascomycetes Deuteromycetes Zygomycetes
Imereti Yellow brown forest 17 11 14
Imereti Raw carbonate 18 9 2
Guria Red 8 2 5
Imereti Alluvial 10 3 1
Imereti Yellow podzolic 9 6 5
Guria Mountain meadow 7 4 2
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The soils of mountain zone is sufficiently comfortable ob-
ject among the all existed natural landscapes for soil mico-
biota research; because, on the one hand, there are a few small
sections of contrasting biogeocenosis at these types of soil. On
the other hand, the internal structure of alpine and mountain
zone biogeocenosis is much simpler than that of e.g. forest
and etc.Studies revealed that the quantitative index is different to a
certain extent in the three main groups of fungi kingdom.
Based on the comparative analysis the three types (by soil) of
groups were isolated, where the representatives of mentioned
classes Zygomycetes, Ascomycetes, Deuteromycetes are spread by
a certain frequency (either more or less) (Tables 1e3).Conclusion
The mycological study of different types of soils has shown
that community of microscopic fungi is very different (e.g.
large number of fungi present in soils that have a high humus
and fertilizer content, but comparatively little e in soils
without humus and fertilizer) among them. The same type ofsoil can contain different number of different species of
microscopic fungi. It is caused by the fact that samples of
various soils in various geographical zones are different by the
content of humus.
Respectively, as a result of carried out research, the
quantitative index of microscopic fungi, widespread in the
main classes of kingdom of fungi, has been established. Rep-
resentatives of those genera of fungi, which inhabit only one
Table 2 e The soils with the abundance in microscopic
fungi belonging to the class of Deuteromycetes.
Regions of
Western
Georgia
So
soils
The three major classes of microscopic
fungi
Ascomycetes Deuteromycetes Zygomycetes
Imeretia Yellow 6 11 1
Guria Brown
forest
2 6 1
Table 3 e The soils with the abundance in microscopic
fungi belonging to the class of Zygomycetes.
Regions of
Western
Georgia
Soil The three major classes of microscopic
fungi
Ascomycetes Deuteromycetes Zygomycetes
Mengrelia Bog 4 6 10
anna l s o f a g r a r i a n s c i e n c e 1 4 ( 2 0 1 6 ) 2 2 7e2 3 2232specific type of soil, have been revealed. Among the isolated a
total of 200 strains of culture of microscopic fungi, the possi-
bility of selection of strains for using them for the industrial
purposes in the future exist.
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